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Abstract

Introduction: Being physically active in childhood may improve the quality of life in adulthood. So, it is ex-
tremely important to evaluate the respiratory function and mechanics of children who participate in sports
activities, in order to determine the impact of physical activity on airway resistance. Objective: To analyze
measures of respiratory function and mechanics in children who participate (PG) and who do not partici-
pate (CG) in sports activities regularly, as well as to compare and correlate the results. Methods: This is a
cross-sectional analytical study of healthy school-aged children aged 6 to 12 years, assessed by impulse
oscillometry tests (I0S) and spirometry. The sample was divided into PG and CG. The Student’s t-Test or
Mann-Whitney test was used to compare the groups according to normality of data tested by the Shapiro-
Wilk test. The correlation between the tests and age, sex, weight, height and body mass index (BMI) was
performed using Pearson’s and Spearman correlation coefficient. Statistical data were processed by the
SPSS® software, considering significance level at p < 0.05. Results: Forty children participated in the study,
20 in each group, with no differences regarding age, sex, weight, height and BMI. There were significant
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Resumo

differences in FEF25-75% (CG: 94.19% * 13.08 x PG: 101.75% +* 17.44, p = 0.049), and oscillometry data
did not differ between both groups. Sex correlated with total airway resistance (R5 - p = 0.049, r = 0.314).
Conclusion: In the group with children who participated in sports activities, FEF25-75% was higher, com-
pared to the control group.

Keywords: Respiratory Mechanics. Spirometry. Child. Sports Activities.

Introdugdo: Ser ativo fisicamente na infdncia pode proporcionar ao individuo uma melhor qualidade de vida
na idade adulta. Assim, a avaliagdo da fungdo e da mecdnica respiratdria de criangas praticantes de atividade
esportiva para a detecgdo das repercussées da atividade fisica nos parametros de resisténcias das vias aéreas
é extremamente importante. Objetivo: Analisar medidas da fungdo e da mecdnica respiratéria de criangas,
praticantes (GP) e ndo praticantes de atividade esportiva regular (GC), comparar e correlacionar os resulta-
dos. Métodos: Estudo analitico transversal realizado com criangas sauddveis em idade escolar de 6 a 12 anos,
avaliadas segundo os exames de oscilometria de impulso (I0S) e espirometria. A amostra foi dividida em GP
e GC. Para a comparagdo dos grupos utilizou-se o teste t de Student ou Mann-Whitney, de acordo com a nor-
malidade dos dados pelo teste de Shapiro-Wilk. A correlagdo entre os exames e as varidveis idade, sexo, peso,
altura e indice de massa corpdrea (IMC) foi realizada pelo coeficiente de Pearson e Spearman. Os dados foram
processados pelo software SPSS®, considerando significativo p < 0,05. Resultados: Participaram 40 criangas,
20 em cada grupo, que ndo diferiram em relagdo a idade, sexo, peso, altura e IMC. Houve diferenca significativa
no pardmetro espirométrico FEF25-75% (GC: 94,19% + 13,08 x GP: 101,75% + 17,44, p = 0,049) e os dados
oscilométricos ndo foram diferentes entre os grupos. O sexo se correlacionou com a varidvel de resisténcia total
dasvias aéreas (R5 - p = 0,049, r = 0,314). Conclusdo: No grupo de criangas praticantes de atividade esportiva,
o pardmetro espirométrico de FEF25-75% apresentou-se maior em comparagdo ao grupo controle.

Palavras-chave: Mecdnica respiratoria. Espirometria. Crianga. Exercicios Fisicos.

Introduction

For the American College of Sports Medicine
(ACSM) and the Center for Disease Control (CDC), all
children older than two years should perform thirty
minutes of moderate to severe physical activity at
least five days per week, or preferably, every day of
the week (1).

In children, although research involving the im-
pact of routine physical activity in respiratory me-
chanics is rather scarce, it is recommended that phys-
ical activity be encouraged and started at an early
age. This should be a habit of a lifetime and one of
its advantages is to maintain health and physical fit-
ness in old age (2, 3). Also, being physically active in
childhood enhances the quality of life of individuals
in adulthood (4).

A recent systematic review confirms that physical
activity favors all body functions and the metabo-
lism of carbohydrate and lipid, helps to control blood

pressure, reduces the risk of type 2 diabetes, im-
proves body composition, self-perception, the mood,
self-image and intellectual function, thus contributing
to improve the quality of life of children and adoles-
cents (5). Despite consensus on these benefits, there
are still few studies that relate healthy children who
perform regular physical activity and their respec-
tive physiological adaptations (2, 3). Even less fre-
quent are researches involving healthy school-aged
children who play sports (1). Sports activities differ
from physical activities because those include athletic
activities requiring physical skills and often involve
institutionally regulated competitive activities (6).
Following this approach, some publications report
the effects of different sports modalities on the daily
routine of children with lung diseases (7 - 9).

In this context, spirometry has been the most
frequently used test to monitor this population, as
in the study conducted by Wicher et al. (6), which
investigated lung function of children with asthma
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before and after a three-month swim training pro-
gram. Spirometry has been considered a valid and
useful method for the diagnosis and monitoring of
the development of pediatric respiratory diseases
(9), despite the challenges of its implementation in
preschool age, due to the difficulty of understanding
and collaboration for its implementation (6).

Notably, impulse oscillometry system (I0S) has
been increasingly used in the analysis of respira-
tory mechanics of lung diseases in children. This is
a simple technique, of fast execution, and requires
little patient’s cooperation, which has enabled its
wide application in children and the elderly (10 - 12).
[0S allows the identification of obstructive patients,
helps locate the obstruction area, has proven effec-
tive for the diagnosis of chronic obstructive pulmo-
nary disease (COPD), and plays an important role as
complementary analysis to spirometry for patients
with asthma (13, 14).

These tools have been increasingly used in clinical
practices (6,9 - 12) due to their sensitivity and scien-
tific recognition. Thus, their application to evaluate
the respiratory function and mechanics of children
who participate in sports activities may identify the
impact of physical activity on airway resistance, which
should be further investigated. Therefore, the aim of
this study is to analyze and compare measurements
of respiratory function and mechanics in children
who participate in sports activities regularly or not.

Methods

This is a cross-sectional, exploratory and analyti-
cal study including healthy children from two private
schools in the metropolitan area of Florianépolis, in
Santa Catarina (SC). The children aged 6 to 12 years
and 11 months and attended the 2nd to 5th years
of primary school. This study was approved by the
Ethics Committee for Research Involving Human
Beings of the Center for Sports and Health Sciences
at the University of the State of Santa Catarina (No.
42/2011).

All participants received an Informed Consent
Document (ICD), as well as a questionnaire with in-
formation about health history, daily activities and
participation of sports activities (sport type and
frequency), which was completed and signed by the
parent or guardian.

Sample Preparation

This was a non-probability sampling with in-
tentionally selected units, including healthy school-
aged children who participated in sports activities
regularly or not, whose completed questionnaire
showed that they were healthy, and who were re-
cruited from two private schools in the metropolitan
area of Florianépolis (SC). Children with a history
of cardiopulmonary, musculoskeletal and/or neuro-
logical diseases, passive smokers and children with
forced expiratory volume in one second (FEV,) be-
low 80% of predicted (15), measured by spirometry,
were excluded. A total of 124 school-aged children
were assessed, and 48 children were excluded due
to spirometry values below those recommended by
the Brazilian Society of Pneumology (BSP). Thirty-six
individuals were excluded as they failed to complete
the assessments due to inability or lack of compre-
hension of the test. The final total sample included
40 children.

Based on the information collected by the ques-
tionnaire, the participants were divided into two
groups: a group of children who participated in sports
activities regularly (PG), i.e. who played any type of
sports for 120 minutes at least twice a week during
atleast six months, and whose training frequency had
been confirmed based on a structured questionnaire;
and the control group (CG) with children who did not
play any specific sports.

Data Collection

Data was collected using Spirometry and 10S. All
participants were instructed to wear comfortable
clothes, to rest for at least 5 to 10 minutes, not to
fast or be in any kind of food diet (16). Before the
assessments, they had their weight (analog G-Tech
scale, in kilograms) and height (measuring tape, in
centimeters) measured by a single examiner for
subsequent calculation of body mass index (BMI)
(17).

Spirometry and 10S were performed with a
Jaeger Pneumotacograph MasterScreen™ Impulse
Oscillometry System (I0S) with previous volume
calibration using a 3-liter syringe. The measure-
ments were performed by the same examiner, in a
quiet environment and previously conditioned with
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temperature lower than or equal to 23 °C, using a
Thermo-Hygrometer (18). During the tests, the chil-
dren remained in a sitting position, keeping their
heads in a neutral position. They received verbal
instructions during the respiratory maneuvers and
used individual disposable nozzles. Also, a nose clip
was placed to minimize the loss of pressure through
the upper airway shunt and air escape.

During the spirometry test, the children were
asked to perform maximal inspiration followed by
exhalation of the entire volume of air with maximum
effort, in order to obtain forced expiratory volume in
one second (FEV,), forced vital capacity (FVC), peak
expiratory flow (PEF) and forced expiratory flow be-
tween 25% and 75% of FVC (FEFs.75¢,) in absolute
numbers and percentages of specific predicted values
for children, according to Polgar and Weng (15). The
tests followed the acceptability and reproducibility
criteria of the Brazilian Society of Pneumology and
Phthisiology (SBPT), and produced at least three ac-
ceptable curves and two reproducible curves. The
duration of each maneuver was at least 6 seconds,
for a maximum of 8 attempts (18).

To measure 10S, the examiners held their hands
on the children’s cheeks, as they breathed in tidal
volume, calmly, without talking or coughing (19).
The maneuver was acceptable when the time seg-
ment selected for analysis lasted at least 20 seconds
(20). The oscillometry parameters considered were:
Peripheral Resistance (PerRes), Central Resistance
(CentRes); Resistance at 20Hz (R20: resistance of
the central airways), Resistance at 5Hz (R5: resis-
tance of peripheral airways), Resonance Frequency
(Fres), Reactance (X) and Impedance (Z) (11). There
are no reference values established for the Brazilian
pediatric population.

Statistical analysis

After the statistical data have been collected, an
individual report with numerical parameters related

to the studied variables and respective graphs was
produced. The relevant numerical parameters were
entered into a Microsoft Excel 2010 spreadsheet, and
then, into the Statistical Package for Social Sciences
(SPSS) 20.0 for Windows for further statistical analy-
sis. Initially, the Shapiro-Wilk test was used to deter-
mine normality of data, and, according to this dis-
tribution, the Student’s t-Test or the Mann-Whitney
test was used for comparisons between the groups
(PG x CG). The Chi-square test was used to com-
pare the variable “sex”. To correlate 10S parameters,
the Spearman and Pearson tests were performed,
considering age, sex, weight, height and BMI. The
significance level was set at 0.05. The results were
expressed as descriptive statistics and frequencies,
using average and standard deviation.

Results

The final sample consisted of 40 school-aged chil-
dren, 20 in PG and 20 in CG. PG was composed of 12
boys (60%) and CG 13 (65%), with no statistical dif-
ference between frequencies of the variable “sex” (p
=0.113). Table 1 describes data of the sample related
to weight, height, age and BMI, with no statistical
difference between the groups.

Regarding the spirometry data (Table 2), only
the percentage of the predicted value for FEF,s ;5
was different between both groups, and lower in
CG (94.19% + 13.08 x 101.75% * 17.44; p = 0.049).
The evaluated oscillometry parameters did not differ
between the groups (Table 2). However, both total
resistance (R5) and central airway resistance (R20)
were numerically higher in CG. R5 was 5.37 + 1, 04
cmH20/1/s in CG versus 4.86 = 1.08 cmH20/1/s in
PG; and R20 was 7.08 £ 1.42 cmH20/1/s in the CG
versus 6.78 + 1.72 cmH20/1/s in PG.

There was no correlation between oscillometry
data and age, height, weight and BMI. A weak positive
correlation (21) could be observed only between sex
and total airway resistance (p = 0.049, r = 0.314).
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Table 1 - Characterization of the sample according to age, weight, height and BMI

Min. Max. A SD p
PG 6 10 8.10 116
Age 0.718
(vears) co 7 9 8.35 0.58
- PG 21 56 30.87 8.50
Weight 0.904
(kilograms) CG 21 40 30.2 5.52
_ PG 120 146 133 0.07
HAL L) cG 118 149 133 0.08 s
BMI PG 12.40 29.41 17.25 3.66 .
(Kg/m?) co 13.32 21.09 16.83 2.26 :

Note: PG = group of children who participate in sports activities; CG = control group; Min. = minimum; Max. = maximum; A = average;
SD = standard deviation; BMI = body mass index; Kg/m? = kilogram per square meter; p = statistical significance according to the Student’s

t-Test or Mann-Whitney test.

Table 2 - Distribution of spirometry and oscillometry parameters for PG and CG, as well as statistical significance of the

comparison between the groups

Parameters Group n A SD p
S B =
I B
FEFs 7g5x % 50 0175 1744 T
PerRes(cmH20/1/s) o o et o 0.061
CentRes (cmH20/Vs) oe o 3 I 0.104
. ' -
R20 (cmH20/Vs) o o e o8 0.954
R5 (cmH20/1/s) o o e 14 0.978
7 (cmH20//s) oe o e 138 0.687
X (cmH20//s) o o T oo 0.863

Note: PG = group of children who participate in sports activities; CG = control group; A = average; SD = standard deviation; FVC% = percent-
age of predicted Forced Vital Capacity; FEV% = percentage of predicted Forced Expiratory Volume; FEF,s.7s: = percentage of predicted Forced
Expiratory Flow at 25-75%; PerRes = periphery resistance; CentRes = central resistance; R20 = resistance at 20 hertz; R5 = resistance at
5 hertz; Fres = resonance frequency; X = reactance; Z = impedance; p = statistical significance according to Student’s t-Test or Mann-Whitney

test (MW) (< 0.05); * = statistically significant difference.

Discussion

The management of lung diseases in children is
well-established and, therefore, there are several ac-
knowledged instruments in the literature for this type
of monitoring, such as spirometry. However, the appli-
cability and effectiveness of this type of examination

to evaluate pulmonary function in healthy children
who perform physical activity are not part of sys-
tematic investigation of pediatric clinical research.
In this context, the aim of this study was to prevent
and inform about the impact of sports activities on
the respiratory system in children.
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The effectiveness of spirometry is evidenced in
the literature, as described by Linares (22) in a study
conducted in Chile. It is also the most widely used
evaluation method for research on respiratory dis-
eases (6, 23 - 27). A recent Brazilian study discusses
the importance to analyze respiratory function in
children (9). But, there is a consensus on the difficulty
to implement this procedure in this age group, which
justifies the use of additional tools, such as 10S, also
used in this current study.

The use of [0S is relatively new and less frequent,
but its feasibility, reliability and strong potential
in care management of patients with asthma have
been identified (13, 28). I0S does not need forced
maneuvers, unlike spirometry (10), and therefore,
it has been widely reported in Europe and studies
analyzing risk factors for respiratory diseases (29 -
31). However, there are no reference values for the
Brazilian population. Thus, this article aims to com-
pare the absolute values of the investigated variables.

In this context, this is a pioneer study about the
impact of the participation in regular sports activ-
ity on airway resistance parameters assessed by
impulse oscillometry. The results found no signifi-
cant differences between both groups regarding the
investigated variables; however, numerically higher
values of R5 and R20 were observed in CG. A larger
sample size is likely to provide further support for
this finding and for the idea that sports activities are
beneficial for the body functions, as already reported
in the literature (4, 5, 32), as well as for the respira-
tory mechanics in healthy children.

Sex influenced 10S parameters, identified by its
correlation with R5 and Z in the total sample. These
results are consistent with the literature, which shows
arelation between sex and 30% of lung variation, and
male have higher lung volumes (33, 34) and higher
values of FVC, FEV1 and FEF,s sy, (35).

Importantly, studies analyzing the correlation of
10S parameters with different variables identified
a relationship between these and anthropometric
characteristics, mainly height (20, 36). In contrast,
this finding could not be observed in this study.

Regarding the spirometry findings, there were
only differences in the percentage of the predicted
value for FEF,s ;s¢, which was higher in PG. These
results support studies involving bronchial asthma
(6, 7, 37, 38) and cystic fibrosis (39 - 41), in which
sports activity improved lung function parameters.

As in physical activity, it is well known that the
benefits of sports activities are temporary, but they
can only be maintained if performed on a regular and
consistent manner. This suggests that better effects
can be achieved if sports activities begin in childhood
and persistinto adulthood (4). Thus, it is fundamental
that sports be promoted at a young age. Specifically in
the respiratory system, studies have shown improved
sensation of dyspnea, increased exercise capacity,
increased peak expiratory flow and quality of life with
this healthy habit (7, 8).

The main limitations of this study involve the
group of children who participate in sports activi-
ties, as they were included without the application
of a questionnaire validated by the literature. Also,
the sports modalities were not addressed and the
minimal time for physical activity was not controlled.
Moreover, this was a convenience sampling and there
was no sample size calculation. We believe that the
combination of all factors may have influenced
the results.

However, the authors recommend that further
studies could be conducted to assess the respira-
tory function and mechanics in different popula-
tions, especially in children. Researches involving the
impact of sports activities on children’s respiratory
function should also be carried out, since promot-
ing healthy habits during early childhood will bring
lifelong benefits.

Conclusion

In the group of children who participate in sports
activities, FEF 5754, was higher compared to the con-
trol group. Impulse oscillometry parameters did not
differ between both groups and sex correlated with
total airway resistance.
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